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Belle [l: second generation B-factory

B-factories: eTe™ asymmetric-energy colliders = production of quantum coherent BB pairs
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Belle || detector

_—" K. and muon detector (KLM):

Resistive Plate Counters (RPC) (outer barrel)
Scintillator + WLSF + MPPC (endcaps, inner barrel)

Electromagnetic calorimeter (ECL):

CslI(TI) crystals
waveform sampling (energy, time, pulse-shape)

Magnet:
1.5 T superconducting

e/eq«r Ong
e.

Trigger*:
\ p : Hardware: < 30 kHz
Software: < 10 kHz

Vertex detectors (VXD):
2 layer DEPFET pixel detectors (PXD)*
4 layer double-sided silicon strip detectors (SVD)

/

Particle Identification (PID):
Time-Of-Propagation counter (TOP) (barrel)

Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD)

p
Central drift chamber (CDC):
He(50%):C2Hg (50%), small cells,

fast electronics
\_
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Belle || detector
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Software: < 10 kHz

Vertex detectors (VXD):
2 layer DEPFET pixel detectors (PXD)*
4 layer double-sided silicon strip detectors (SVD)

/

Particle Identification (PID):
Time-Of-Propagation counter (TOP) (barrel)

Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD)
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Central drift chamber (CDC):
He(50%):C2Hg (50%), small cells,

fast electronics
\

| Improved detector Improved collider

performances \ / SuperKEKB

<> Possible New Physics

/> discoveries!
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Belle || operation status

DampingiRing (DR) Installation and commissioning

DR commiss$ioning

Year 2016 2017 2018 2019
Japan FY 2016 2017 2018 2019
Summer | Summer | éummel: Summer |
shutdown shutdown shutdown shutdown
'Phase 1: ir'?se;lr%(')'n ' Phase 2 ' Phase 3
— I - - - -
o i * LER(e*)
Main R]ng|(MR) I :C]rCUl(at])ng : VXD
commissio:ning i MR commissioning for phase 2 i HER(e") " installation
_. | i circulating

During phase 3, Belle Il
activity of 9 month/year

have been assumed/

Phase 1: SuperKEKB commissioning & background estimation

Phase 2: Collision runs with the detector installed partially, without
the vertex detector — first physics data and results!
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Phase 3: Data taken with the whole detector installed, ongoing!

Completed

Completed

March 2019




Dark matter knowledge
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Dark matter knowledge
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Dark matter detection
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Dark matter detection
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Dark matter searches @Belle |1 (1)
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Dark matter searches @Belle |1 (1)
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Dark matter searches @Belle Il (1)

Mediators studied at Belle Ill:
| off-shell
©
» Dark photon - | Invisible
(vector-like portal € | (subleading visible)
Q
>3 C
* /’ mediator VISI bl@
(vector-like portal) /‘ yailaks
Ny
e Axion Like Particle, ALP Ne
(pseudo-scalar portal) 2Me F=====sssss
long-lived’

>
DM mass mpm
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Dark photon

Minimal model introducing the dark interaction comprises:

e A’: dark photon. Boson mediator of the dark interaction
with mass ma and spin 1

e £: coupling parameter. It indicates the coupling intensity
between the dark photon and the SM photon

D

O

Belle IT

Alberto Martini - Manchester, PASCQOS - 1/07/2019

13



Dark photon: visible final state

Minimal model introducing the dark interaction comprises:

Y A

* A’:. dark photon. Boson mediator of the dark interaction
with mass ma and spin 1 /\/\/X\/\/\

* £:coupling parameter. It indicates the coupling intensity ¢
between the dark photon and the SM photon _4
e SM: standard model particles inDarkMattoraoe7 | | HADE KLOE|
el Community Report KLOE HPS S KLOE —
A’ decay into visible states 10 B s o A
\

_SM (e,p)

A1

ff PADME a‘w\é‘\\m\/ ;
1 0_7 . \}n_%// "y —
X % : < Y MMAPS LHCb
“SM (e,p) 10785 &
| HPS
- 1077
e, b channels are the most promising |
(no neutrinos, no other peaking signals) 10~k HHeb
Orsay/E137/CHARM/U70 |
. I Pre-2021
Z'™=5 ab-1 needed to improve | 10711E e I
- 1073 1072 107" 1
current limits
Belle IT mp [GeV]
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Dark photon: invisible final state (I)

Minimal model introducing the dark interaction comprises:

(
 A’: dark photon. Boson mediator of the dark interaction r\z\%\//i\/\

with mass ma and spin 1
* £: coupling parameter. It indicates the coupling intensity €
between the dark photon and the SM photon

e X41,2: dark matter particles

102 = | T | B

A’ decay into invisible states . : , -

Xl 0 49 N -

10°F NE

C e Belle Il simulation 20 fb. NT/ ]

At the moment, this analysis can be . :

performed only by Belle Il thanks to i Gy = 0.5, m = my/3 i
the single photon dedicated trigger. 10°E ol il
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1072 107 1 10
m,. (GeV/c?)

Possible improvement of the limits with 2019 dataset #"™=20 fb-1

Alberto Martini - Manchester, PASCQOS - 1/07/2019 15



Dark photon into invisible final state (l1)

L3

Experimental signature of the event:

ONLY 1 high energetic photon in the event.
Search for a peak around:

S_mA/

2V/s

L, =

Physical background:

e ¢"e” —> yy(y) where 1 or 2 photon are not detected
e ¢ete”™ — eTe7y where e* usually go in the beam pipe
* Cosmic rays

Belle Il has better sensitivity wrt BaBar due to the more
7D hermetic detector (both ECL and KLM).
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Dark photon into invisible final state (l1)

6.0 Bgckgrm{nd
FW
"gap,

Bellé ]| sim/uation

90fgap é £

-
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Belle 1II
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Events / bin

-
o
N

10°

Experimental limitations:
Detector acceptance and
dead regions.

3 main gaps in the calorimeter:
backward (BW) and forward
(FW) regions and at 90°.

|

Usage of the outermost
detector (KLM) to veto events
with multiple photons
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/" mediator: L, — L, model (I)

Vector massive mediator Z’ = non minimal model

Z’ couples with p and z only — Lﬂ — L,

model

Possibility to also explain the g-2 and B anomalies

w/ full statistics

Belle Il phase Il (expected, frequentist)

L et osesssstes T T
— Belle Il phase Il (expected, Bayesian) SSSLLIORS SUOHE SN/ o
| — — — Belle Il phase Il, BF[Z"> % x]=1 (expected, frequentist).-- //—
. —— —— — Belle Il phase Il, BF[Z— x x]=1 (expected, Bayesian) |----------- SRPPPR /ﬁ

i iiiiiil iiiiiiiil T

107"

Belle IT

1

M,. [GeV/c”

Z’— visible final state already
studied in BaBar
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/' mediator: L, — L. model (I)

Vector massive mediator Z’ = non minimal model

Z’ couples with pand z only — LM — L._model
Possibility to also explain the g-2 and B anomalies

w/ full statistics

Belle Il phase Il (expected, frequentist)

Belle Il phase Il (expected, Bayesian)

| =—— —— — Belle ll phase Il, BF[Z~ % x]=1 (expected, frequentist)

| —— —— — Belle ll phase Il, BF[Z~ % x]=1 (expected, Bayesian)

P il o0 iiiiil i

Poioiiiiil

1072 107"

Belle IT

1

M,. [GeV/c”

€

Z’— visible final state already
studied in BaBar

Z’— invisible final state has
not been measured yet

| Belle Il analysis ongoing — aims to
publish with dataset from 2018.
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/' mediator: L, — L. model (I)

Vector massive mediator Z’ = non minimal model e+ H Xl 7
%
_____ J
Z’ couples with pand z only — L — L._model Y %. -
g!

Possibility to also explain the g-2 and B anomalies €
w/ full statistics H

—— Belle Il phase Il (expected, frequentist)

i| ——— Bellell phase Il (expected, Bayesian) [l AOUS IR Y |

| =—— —— — Belle Il phase Il, BF[Z> ¥ X]=1 (expected, frequentist)|-=------- /—~

RN

| —— —— — Belle Il phase II, BF[Z-> y ¥]=1 (expected, Bayesian) |---...... oo /—.
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4 2 invisible final state has
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1072

Prellmlnary'
Analysns ongoing 2~

l lllllll
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| Belle Il analysis ongoing — aims to
publish with dataset from 2018.
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/' mediator: L, — L, model (II)
Experimental signature:

Z’ mass hypothesis — search for a peak at p*p— recoil mass distribution

Belle 2 DATA
event display
run # 3236
Event #493624
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/' mediator: L, — L, model (II)
Experimental signature:

Z’ mass hypothesis — search for a peak at p*p— recoil mass distribution
Z’ momentum (missing momentum) pointing to active part of the detector.

Belle 2 DATA
event display
run # 3236
Event #493624
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Experimental signature:

/’ mediator: L, — L_model (II)

Z’ mass hypothesis — search for a peak at p*p— recoil mass distribution
Z’ momentum (missing momentum) pointing to active part of the detector.

Belle 2 DATA
event display
run # 3236

Physical background: Event #493624

e ee” — utu"y(y) for low mz

 Tau decays: important effort
on background rejection
using kinematic variables.
Dominant contribution in the
studied mass range.

e ete” — efe utu”
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Axion Like Particles searches (l)

Axion-Like Particles (ALPs) a: pseudo-scalar mediator. e’
Coupling with bosons — Belle Il investigates ¢ — yy  \_____._ 3 y
/

No relation between mass and coupling. B “e <
€

' No previous results — Belle Il
will provide first measurement
with data from 2018

m,|GeV /c?]

Belle II
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Axion Like Particles searches ()

Axion-Like Particles (ALPs) a: pseudo-scalar mediator. e’
Coupling with bosons — Belle Il investigates ¢ — yy  \_____._ 3 y
/

No relation between mass and coupling. B \\<

|
elle \ 0472 f—b/lf: -
P T 71 1 No previous results — Belle I
_________ -2 1] jwill provide first measurement
gelle \;;—s HO19 3 with data from 2018
eC 1
_QE
0 ]
-0 O
10 03 .
: { B decays physics allow to
107 F P o { investigate charged couplings
avysd —— ]
-8 [ | el R el R
10 EE— ' | ..
107 10~ 107 10~ 10° 10" Belle Il 2™ > 1ab-1— possibility

m,|GeV /CQ] to get new results also in decays
Into charged bosons.
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Axion Like Particles searches (l)

Jayy [GeV]

Experimental signature: 2 photons peaking at ma et /
----- d

2 close photons — 1 calorimetric cluster B 4 \\< /
C
10~ 4
Resolved
1072 3 different calorimetric
cluster, best situation

1073
10~
107° :

Not considered
10-6 here — single

photon analysis
1077
10—8 2 2 22l

s 3 a2l s 1 aauul TN EEIT L 2
1073 1072 10" 10° 10
m, [GeV]

—
<
S
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Axion Like Particles searches (l)

Jayy [GeV]

Experimental signature: 2 photons peaking at ma

2 close photons — 1 calorimetric cluster

107"
Resolved

1072
1073
10~
107° :

Not considered
10-6 here — single

photon analysis
1077
10—8 — 2 ....1.1—3 _ .1.1..1_2 2 2 aasaul 1 2 2 2a2ama -

10 10 10 10° 10

m, [GeV]

Belle II

3 different calorimetric
cluster, best situation

Physical background:

e e"e” — yyy largest contribution
but not peaking

e efe” — 7% ., ny ., n'y use of form
factor informations to suppress

e ete” — wy(w — 7%)
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Other dark sector studies @Belle |

 /’ with Lepton Flavor Violation
e Dark scalar mediator: ete™ — ¢S, S—> It~/ "y <
e Magnetic monopoles with small magnetic charges

e |nvisible Y(1S5)decays via Y(3S) - Y(1.S)z™n~

Monopole w/ partlcular

track signature
e Dark Higgs - Higgstrahlung >
e and many others!!
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Conclusions

* Belle Il started to collect data and investigate light Dark Sector
models.

* |nvisible dark photon search: first Belle Il results from 20 fb-1

e \ector boson Z' — invisible: non minimal model which will
provide the first measurement ever with data from 2018.

e ALPs measurements: visible channel a—yy will be published
with data from 2018

e |tis early (statistical reasons) for plenty of other dark searches!
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Belle |I: second generation B-factory
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